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This article investigates the context dependency of comfort and energy performance in mixed-mode offices in the
climate of Athens, Greece. It is based on a parametric study using the simulation software EnergyPlus. Context
refers to different building design priorities on the real estate market (prestige, low cost and green), occupant
behaviour scenarios (ideal and worst case) and cooling strategies (fixed and adaptive set points). Results are
evaluated according to energy consumption and related greenhouse gas emissions, daylight autonomy, view and
percentage of working time when heating and cooling are operating. The results indicate that a holistic approach to
comfort and energy performance evaluation focused on the specific context of a building and its occupants is
necessary to develop appropriate optimization strategies. In early design stages, such specific information is not yet
available and ideal/worst-case scenarios can indicate the magnitude of influence of occupants compared to building
design.
Keywords: occupant scenarios; building design; thermal and visual comfort; natural ventilation; cooling strategies;
energy performance
1. Introduction
In order to provide comparability among the national
building stock, European building codes based on the
Energy Performance of Buildings Directive provide
general calculation methods for energy performance
evaluation of buildings. While these methodologies
consider a variety of more individual parameters on
a building level, occupants are often only accounted
for by standard values, since they are not considered a
possible optimization parameter.
Recent research, however, indicated that occu-
pant’s behaviour and comfort expectations can have
significant influence on the buildings total energy
consumption (Erhorn 2007, Rijal et al. 2008c). In this
context, work has been related to the development of
behavioural models for window opening (Nicol 2004,
Page 2007, Herkel et al. 2008, Rijal et al. 2008a,b,
Yun and Steemers 2008, Yun et al. 2008, Haldi and
Robinson 2009) to occupant’s satisfaction and
behaviour in office buildings (Bischof et al. 2004,
Brager and Baker 2009, Rijal et al. 2009), to the
context dependency of comfort and comfort percep-
tion (Amphoux 1989, Brager and de Dear 2003,
Bluyssen 2010, Pina Santos et al. 2010), to office
design (Collard and DeHerde 1997, Becker and Sims
2001) or to different cooling strategies (Ezzeldin et al.
2009).
This article aims to explore the magnitude of
context dependency of comfort and energy perfor-
mance in mixed-mode offices. It is based on the
Mediterranean climate of Athens, Greece. Context in
this study refers to consideration of individual para-
meters like local climate characteristics, real estate
market, building traditions and national building
codes on the building level and to specific task,
company policy and individual preferences and ex-
pectations on the occupant level.
In order to evaluate these parameters, this study
compares the influence of different building design,
occupant behaviour and cooling strategies on comfort
and energy performance in mixed-mode offices. It is
based on a parametric study with the software
EnergyPlus (U.S. Department of Energy 2007) for a
typical cellular office room, used by an architectural
office and occupied by two persons.
For the development of the simulation model, aim
of this study was to obtain input data as realistic as
possible. The weather data set has been chosen based
on measured temperatures for the last decade. Con-
cerning building design, three different variations
have been developed, which reflect different priorities
on the real estate market in Athens. In order to
demonstrate the range of influence of occupants on
comfort and energy consumption, an ideal scenario
and a worst-case scenario have been developed.
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Additionally, two fixed cooling set points are compared
with the hypothetical control of cooling set points
according to the comfort limits of the EN 15251 (DIN
EN 15251:2007–08) adaptive thermal comfort model.
2. Background
2.1. Climate change
Due to the increase in greenhouse gas emissions within
the last decades, projections of the Intergovernmental
Panel on Climate Change (2007) predict a global
warming of about 0.28C per decade for the next two
decades. For the region of Athens, Greece, an increase
in temperatures from 1920 to 1960 and another increase
since the 1980s were observed (Katsoulis 1987). Annual
temperatures increased by approximately 0.58C within
the last century, and a further increase in maximum and
minimum daily temperatures is predicted. Additionally,
within the last decade, a sudden increase in the
frequency of occurrence of particularly hot days as
well as the duration of heat waves was observed
(Founda et al. 2004). This supports indications from
the literature (Pu¨ltz and Hoffmann 2007) that common
weather data sets, like test reference years, average
Meteonorm data and International Weather for
Energy Calculations (IWEC) data (U.S. Department
of Energy, EnergyPlus standard weather data), which
are based on data from the past, are likely to under-
estimate overheating.
Additionally, for urban locations like in central
Athens, the heat island effect can significantly alter
outside temperatures, wind speed and direction and
thus influence the effectiveness of natural ventilation
and the resulting energy consumption for the provision
of thermal comfort (Mihalakakou et al. 2004, Geros
et al. 2005).
2.2. Influences on office building design
The architecture of office buildings is influenced by a
variety of parameters (Lorenz 1999, Eisele and Staniek
2005) and twodifferent approaches canbedistinguished.
In the first approach, when a company is construct-
ing an office building for their own use, the architect has
to consider the specific needs and wishes of the
individual client. This has the advantage that crucial
design information like tasks to be performed in the
office, space needed, workflows, hierarchies, customer
traffic, levels of privacy and representativeness as well
as luxury, expected comfort levels and design prefer-
ences and the budget are already known in early design
stages. Flexibility of the floor plan is likely to be an
important design criterion; therefore, light internal
walls as well as false floor constructions and suspended
ceilings can be beneficial, but future changes are likely
to be predictable. Since the owner is also the user, the
initial and running costs are likely to be crucial.
In case of the second approach, the constructor or
owner is not identical with the user of the building.
An investor constructs office space as a speculation
object and aims to rent or sale it with maximum profit
on the real estate market. In this case, the design
parameters mentioned above are not known in early
design stages. Therefore, main design priorities are low
initial costs and flexibility in order for the building to
attract or adapt to a variety of users with different
needs. A common office type on the real estate market
is therefore the ‘reversible office’, a flexible building
shell that can be used as open plan, group or cellular
offices and can be used as a whole or be separated into
different units for rent to different tenants. This
flexibility requires the statically relevant elements to
be minimized, typically frame constructions, with
concrete slabs and staircases as the only massive
elements. All non-statically relevant walls will then be
light constructions, that is, internal gypsum walls,
which are less expensive and can be easily decon-
structed or shifted if needed. Further flexibility can be
provided by false floor constructions and suspended
ceilings for technical supplies. Thus, increased flex-
ibility often contradicts the need for thermal mass to
improve the thermal balance of the building. Related
buildings design is likely to focus on reduced initial
rather than on running costs.
Typical construction methods and materials, light-
ing, shading and technical systems are strongly depend-
ing on the national or local context, availability and
prices of materials and labour as well as climate,
traditions and national building codes (Guy and Shove
2000). Another influence, especially in urban situations,
can be the size, shape, requirements and limitations of
the specific construction site. Changes to the building
design are most likely to occur at tenant or owner
changes and are related to the life cycle of the building.
Concerning a parametric study based on building
simulation, it indicates that a change in simulation
parameters, like geometry materials and especially
thermal mass, does not only affect comfort and energy
consumption but also the usability/flexibility of the
building, the architectural statement, representative-
ness and the related value on the real estate market. In
this context, a comparison of different building design
variations can be useful.
2.3. Occupant behaviour
2.3.1. Office equipment
One important influence on internal heat loads in
offices is the use of office equipment. The magnitude of
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influence is predominantly depending on the task
performed in the office and the related need for
devices, their energy consumption and the intensity
of use. Detailed information on state-of-the-art levels
of energy consumption for office equipment can be
obtained from the EU Energy Star database (www.eu-
energystar.org). This database contains the energy
specifications for typical devices like computers,
screens, printers and so on, and allows for comparison
of desktop computers with notebooks and cathode
ray tube (CRT) with liquid crystal display (LCD)
screens. It also provides information on the variability
of energy consumption due to ‘on’, ‘standby’ or ‘off’
mode. Additionally, it indicates that off mode does not
necessarily mean that devices are disconnected from
power supply, which can result in unnecessary energy
consumption in off mode.
Concerning the intensity of use, different profiles
are suggested concerning the daily hours in on,
standby or off mode. This database allows for the
individual estimation of the expected energy consump-
tion and internal heat loads depending on a specific
task. Thus, internal heat loads can be considered more
precisely in building simulation compared to the use of
typical standard values.
2.3.2. Occupancy schedules
The impact of occupancy schedules and related
internal heat loads is dependent on the office type.
The larger the number of occupants in an office, for
example, in open plan or group offices, the lesser the
typical schedule will be affected by the temporary
absence of single occupants. In the case of lesser
number of occupants, for example, cellular offices
however, the effect of periods of absence, lunch breaks
and flexitime can have stronger impact on the related
internal heat loads.
Literature provides a large variety of occupancy
profiles. Typical occupancy schedules (Rubinstein
et al. 2003) cover a period of 10–14 h equivalent to
6–8 h with 100% occupancy. The profiles for use of
office equipment in the EU Energy Star database
(www.eu-energystar.org) also provide information
concerning typical occupancy levels.
For use in building simulation, the occupancy
schedules should be chosen with regard to the task,
the number of persons in the room and influences of
company policy that is, lunch breaks and flexitime.
2.3.3. Occupant-controlled natural ventilation
Occupant control on natural ventilation is influenced
by a large variety of contextual parameters (Roetzel
et al. 2010) listed below.
Since natural ventilation is the direct link between
the outside environment and indoor thermal comfort,
the climate is a crucial parameter. This refers to local
climate characteristics (temperatures, seasons, wind
and precipitation) as well as to the urban microclimate.
In this context, climate change scenarios and the urban
heat island effect can have an impact on occupant-
controlled natural ventilation.
Another crucial influence is facade design. Each
window opening type, for example, bottom hung, side
hung, top hung and sliding window predefines typical
opening angles or percentages for use by occupants.
Additionally, window size, shape and placement within
the facade influence the ventilation strategies of
occupants, related air exchange rates and the burglary
safety for night ventilation. Occupant behaviour
concerning natural ventilation is further influenced
by the time of the day, previous window state and
indoor air quality.
There are several behavioural models available to
predict window opening by occupants with regard to
summer conditions (Nicol 2004, Page 2007, Herkel
et al. 2008, Rijal et al. 2008a,b, Yun and Steemers
2008, Yun et al. 2008, Haldi and Robinson 2009). The
majority of these recent models refer to indoor and
outside temperatures as the main parameters influen-
cing occupant-controlled window opening (Page 2007,
Rijal et al. 2008a,b, Haldi and Robinson 2008, 2009).
Further observed influences are time of the day,
occupancy, window status, rain and indoor pollution.
Unlike for other building controls like lighting or
shading, where active occupants were observed to use
the controls frequently and passive occupants rarely or
never, the above mentioned window opening models
do not differ between active and passive users.
Although field studies observed a variability concern-
ing window control (Rijal et al. 2008c, 2009, Haldi
and Robinson 2009), behavioural patterns seem to be
related to the individual buildings rather than to
individual occupants. Especially in mixed-mode build-
ings (Rijal et al. 2009), variability in occupant
behaviour between different buildings was large.
Although further research would be needed, this
corresponds with observations in a field study in
mixed-mode offices in Athens (Roetzel 2009). In this
study, variability in window control during summer
was observed to be related to indoor air quality as well
as to the window type and related predefined opening
angles. Additionally, the main reason for window
closing was to prevent hot air entering the room, the
main influence on the applicability of night ventilation
was the security policy of the company, and in shared
offices, occupants tend to compromise between in-
dividual preferences. All these parameters are related
to or influenced by the building. In mixed-mode
Journal of Building Performance Simulation 305
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context, indoor air quality and related occupant
satisfaction also depend on the type, control and
maintenance of the cooling system (Bischof et al.
2004). Additionally, in centrally cooled buildings, the
length of the cooling period is predefined, and when
indoor air quality is poor, it is even likely that windows
are opened when cooling is running.
Concerning the simulation of occupant-controlled
natural ventilation in the Athens climate, the following
conclusions can be drawn:
. Most existing behavioural models focus on two
window states, open and closed, which reflects
the opening options of window types like bottom
hung windows. In office buildings in Athens, top
hung windows are more common, and unlike
bottom hung windows, they allow for larger
openings and more than one opening angle.
Thus, the consideration of window type and
related opening angles could improve the results
for the context of Athens.
. In the warm climate of Athens, windows are
often closed due to outside heat in the afternoon.
This indicates a predominant influence of outside
and inside temperatures on window opening
behaviour. Additionally, time-dependent switch-
ing patterns based on moderate climates with low
switching probabilities during the day are not
likely to be applicable.
. For a top hung window, existing models
referring to the previous window state as either
open or closed might not be applicable.
. Company policy is likely to be a predominant
influence on night ventilation.
. Unlike for lighting or blind control, window
opening models do not differ between active and
passive users. Although further research would
be useful, variability in occupant-controlled
natural ventilation seems to be more related to
the building properties than to individuals.
. Unlike in moderate climates, rain is not a
dominant influence on window switching in
Athens.
. The existing window opening models have been
developed based on field studies in United King-
dom, Switzerland and Pakistan, but no model
focused on a Mediterranean climate was available
for this study. Further research concerning win-
dow control in relation to cooling operation,
cooling periods and window types would be
helpful. Unlike in moderate climates during
summer, where windows are likely to be open for
long periods of the day for cooling, in Athens
windowsareoftenkept closed toprotect fromheat,
especially when the cooling system is operating.
. Indoor air quality plays an important role but
cannot be evaluated by using EnergyPlus.
2.3.4. Occupant-controlled blind switching
As indicated by literature (Inkarojrit 2005), manually
controlled blind switching is strongly varying from
one person to another and thus very difficult to predict.
However, three main reasons could be derived, causing
the activation of blinds: protection from glare,
prevention from overheating and wish for privacy.
Concerning glare, field surveys observed large
individual tolerance differences and a strong depen-
dency on context and what the user’s attention is
focused on: the penetration of sunlight in the room was
observed to be an influential parameter on glare (Rea
1984, Boubekri and Boyer 1992, Newsham 1994,
Bu¨low-Hu¨be 2000, Reinhart and Voss 2003, Inkarojrit
2005) as well as the window area of the facade
(Boubekri and Boyer 1992, Bu¨low-Hu¨be 2000, Foster
and Oreszczyn 2001, Osterhaus 2008) due to the
resulting luminance differences between the window
and the surrounding wall. Other observed influences
were window arrangements (Osterhaus 2008), place-
ment of the furniture and the computer in relation to
the window (Boubekri and Boyer 1992, Foster and
Oreszczyn 2001, Inkarojrit 2005, Sutter et al. 2006), the
quality of the computer screen (Sutter et al. 2006), the
specific task and the time spent working on computer
(Galasiu and Veitch 2006) visual and aesthetic interior
qualities of the room, such as the degree of specular
reflections from interior surfaces (Boubekri and Boyer
1992), and the view out of the window (Boubekri and
Boyer 1992, Bu¨low-Hu¨be 2000, Galasiu and Veitch
2006, Tuaycharoen and Tregenza 2007). The quality of
the view and the related occupant’s interest play an
important role, and natural scenes, complex views and
views with low variability in luminance were found to
be less glaring (Tuaycharoen and Tregenza 2007), so
occupants often compromise between glare and view.
Overheating protection as a reason for blind
switching was found to be more important in south
and west facing, rather than north or east facing rooms
(northern hemisphere), and a dependency of blind
switching with indoor temperature was observed above
a temperature of 268C (Sutter et al. 2006).
The third main reason to close blinds is the wish to
increase visual privacy (Foster and Oreszczyn 2001,
Inkarojrit 2005). This can cause certain blinds to be
always closed throughout the day, due to psychologi-
cal reasons rather than measurable physical factors.
It can be concluded, that although privacy might not
be a window closing reason as important as glare or
overheating protection in offices, it might become
predominant in certain configurations. This refers
306 A. Roetzel et al.
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preliminary to the geometry of the building and the
surrounding urban situation.
Blind switching due to privacy is likely to apply
throughout the working day. Differences could be
observed between active and passive users and
observed behaviour in field studies ranged from
keeping the blinds up all day, keeping them down all
day, horizontal slats all day, systematic use, to no
consistent behaviour (Newsham 1994, Reinhart 2004,
Sutter et al. 2006). Passive users made little or no
attempt to change the blinds throughout a day
(Galasiu and Veitch 2006), even with dramatical
changes of penetrating solar radiation (Rea 1984).
Passive occupants were observed to adjust blinds less
than once per day. While a wish for visual privacy is
one reason to keep the blinds closed throughout the
day, prevention of glare on the computer screen is
likely to be another (Inkarojrit 2005).
Concerning the modelling of occupant controlled
use of venetian blinds, the following conclusions can be
drawn:
. Glare control is an important blind switching
criterion, but the perception of glare is very
individual. Simplified glare evaluation criteria
can be used as a first approach, but more precise
modelling would require simulation tools beyond
the capabilities of EnergyPlus.
. Overheating protection is another important
influence, and depending on the geometrical
configuration and facade orientation either glare
or heat can be the predominant blind switching
criterion. Thus, a modelling strategy should
consider both criteria.
. A differentiation between active and passive
users has been indicated by field studies and
should be considered in simulation models.
. The need for privacy can override all other blind-
control parameters and constantly closed blinds
are likely to affect the related energy consump-
tion for lighting significantly. This effect can
be demonstrated if passive occupants are con-
sidered to keep the blinds closed throughout the
working day.
2.3.5. Occupant-controlled light switching
Field studies on occupant-controlled light switching
revealed several influencing parameters. The frequency
of adjustment is influenced by the location of the
controls in relation to the work place (Bordass et al.
1993, Bourgeois 2005). Additionally, different beha-
vioural patterns were observed for groups in compar-
ison to single individuals and desired illuminance levels
also varied with user’s tasks, age, degree of fatigue,
distance from windows and cultural background
(Reinhart and Voss 2003, Galasiu and Veitch 2006).
In field studies, preferred illuminances of an
individual were observed to vary significantly, but
thresholds between 300 and 600 lx with a tendency
towards 500 lx for reading and writing tasks and
towards 300 lx and lower for work on a computer
screen can be derived (Hunt 1979, Velds 2000, Escuyer
and Fontoynont 2001, Moore et al. 2002).
However, most field studies observed a significant
difference between active and passive users. Active
users were observed to adjust the lighting according to
daylight levels, while passive occupants kept the light
activated throughout the whole working day indepen-
dent from daylighting (Reinhart and Voss 2003,
Moore et al. 2003, Bourgeois 2005). Additionally, an
activated lighting system was also observed to indicate
that the occupant is at work and has not yet left for the
day (Reinhart and Voss 2003).
Concerning building simulation, it can be con-
cluded that the differentiation between active and
passive occupants should be considered, with passive
users using the lighting throughout the working day.
For active light switching, the predominant influence
to be considered is daylight levels in the room, with
typical thresholds between 300 and 500 lx depending
on the task. Additional psychosocial influences on light
switching are beyond the scope of building simulation
software.
3. Development of the simulation model
3.1. Weather data
For this study and the locations of Athens, weather
data sets including climate change scenarios or the
heat island effect were not available. The most realistic,
recent and consistent available data were measure-
ments from Elefsis airport (U.S. Department of
Energy, weather data request form). Based on these
measurements, the year 2005 could be identified as a
typical but not extreme year within the past decade.
Regarding the use for building simulation, these
data sets contained temperatures, but radiation data
and other relevant parameters were not available. For
this reason, the data set was useful for comparison,
but could not be used as simulation input. The final
weather file for simulation has therefore been gener-
ated using the software Meteonorm (Meteonorm 6.0).
Based on a catalogue of meteorological data and
corresponding interpolation models, this software
allows for the generation of individual weather data
sets for any location worldwide. Additionally, it offers
the possibility to select time periods for data references
and the consideration of extreme or average values.
Thus, characteristics of the weather files can be
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influenced, and for this study, a weather data set for
Athens has been generated with characteristics com-
parable to the measured data for 2005. Figure 1 shows
a comparison of the temperature distribution of the
measured and generated temperatures.
3.2. Building
3.2.1. Building design
The investigated office room is a typical cellular office
with a room depth of 5.4 m, a facade width of 3.5 m
and a room height of 2.7 m. The facade is facing south,
with a centrally located top hung window
(1.50 m6 1.26 m), which can be manually operated
by occupants. Possible window opening states are
closed, half open and open, with a maximum opening
angle of 208. For this basic configuration, three
different building design variations have been devel-
oped in order to reflect different priorities on the real
estate market:
. The ‘prestige’ variation follows current architec-
tural fashion, with the fully glazed facade and
internal shading. Low-e glazing improves solar
protection, light internal walls provide reversi-
bility of the floor plan and a false floor
construction flexibility regarding furnishing. A
suspended acoustic ceiling provides acoustic
comfort and an advanced lighting system sup-
ports the representativeness of the interior and
contributes to the luxury level of the office.
. The ‘low cost’ variation is designed to provide
maximum profit for rent or sale on the real estate
market. Initial costs are kept to a minimum, by
using a solid instead of a curtain wall facade,
standard instead of low-e glazing, a standard
instead of an advanced lighting system and
screed instead of a false floor construction. Light
internal walls provide both low initial costs and
reversibility of the floor plan, and a suspended
acoustic ceiling provides acoustic comfort.
. The ‘green’ variation is designed to improve
thermal as well as visual comfort and reduce the
related energy consumption and running costs to
a minimum. An overhang, external shading
system and low-e glazing provide protection
from solar heat gains, and a large window area
allows for high daylight levels. An advanced
lighting system is used to minimize energy
consumption. A solid facade, solid internal walls,
a screed floor and an uncovered ceiling provide
maximum mass to increase the thermal robust-
ness of the building. However, additional mea-
sures to provide acoustic comfort might be
necessary and the floor plan is not reversible.
A detailed description of the properties for each
variation is presented in Table 1. Table 2 provides
details on the facade properties, and Table 3 lists the
glazing properties used in this study.
3.2.2. Lighting systems
The chosen lighting system in offices is in the first place
depending on the specific office task, the budget and
the question in how far the lighting concept is
supposed to be decorative or purely functional.
Regarding the installed lighting power, the combina-
tion of luminaire, lamp and ballast is important,
resulting in a broad variety of combinations, each
resulting in different energy consumption.
For this study, the use as an architectural office is
assumed, which requires computer work as well as
reading tasks for plans and drawings. Two different
room-related lighting design variations (Table 4) have
been developed for the specific office room using the
lighting design software ‘Relux’ (Relux Professional
Figure 1. Comparison of measured and generated temperatures for 2005.
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2007). Each variation fulfils the requirements of DIN
EN 12464-1 (EN 12464-1:3-2003). The installed light-
ing power densities are consistent with the benchmark
values according to EN 15193-1 (EN 15193:2007),
additionally densities around 20 W/m2 are quite typical
for the Greek context.
3.2.3. Heating and cooling system
It was not the aim of this study to evaluate the
performance of a specific heating or cooling system,
but to demonstrate the levels of comfort and energy
performance resulting from different building design
and behaviour of occupants. The EnergyPlus Ideal loads
Air System has been used to provide and evaluate the
necessary additional heating and cooling energy in order
to meet the comfort levels. Primary energy consumption
Table 1. Configurations for the cellular office room according to different design priorities.
Building
configurations
Configuration 1. Prestige 2. Low initial costs 3. Green
Architectural design
priorities
Representativeness Minimum initial costs for
construction
Maximum comfort
Reversibility of floor plan Reversibility of the floor
plan
Low energy consumption/running
costsFlexible furnishing
Construction of
opaque facade
elements
– Solid wall Solid wall
Internal walls Gypsum walls Gypsum walls Brick walls
Ceiling Suspended acoustic ceiling Suspended acoustic ceiling Uncovered concrete slab
Floor construction False floor Solid floor (screed) Solid floor (screed)
Window area (%) 100 20 70
Glazing Low-e Standard Low-e
Shading Internal venetian blind, colour
white aluminium
Interior venetian blind,
colour white aluminium
Exterior venetian blind on
additional structure for window
open, colour white aluminium
Overhang No No 1 m
Lighting system Pendant luminaries with advanced
light redirection, 13.1 W/m2
Surface mounted standard
luminaries, 21.3 W/m2
Pendant luminaries with advanced
light redirection, 13.1 W/m2
Table 2. Thermal properties of the solid facade construction.
Heavy (solid wall)
u value¼ 0.5 (W/m2 K) Layer 1 (outside) Layer 2 Layer 3 Layer 4 Layer 5 (inside)
Exterior finish
(cement plaster)
Brick Insulation Brick Interior finish
(chalk plaster)
Thickness (cm) 1.5 9.0 5.0 9.0 1.5
Conductivity (W/m K) 1 0.415 0.038 0.415 0.25
Density (kg/m3) 2500 1656 50 1656 900
Specific heat (J/kg K) 720 1030 1450 1030 1050
Table 3. Glazing properties.
Glazing type
u Value
(W/m2 K) g Value (–)
Visual
transmittance,
t-vis (%)
Standard 2.7 0.76 81
Low-e 1.6 0.46 73
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is then calculated based on a typical heating system in
Athens using natural gas, with a coefficient of perfor-
mance (COP) ¼ 0.85. The cooling system is a typical
electric room air conditioner with a COP ¼ 3.06.
3.3. Occupants
3.3.1. Occupancy
The room modelled in this study is occupied from 8 am
to 8 pm (Figure 2). The profile is equal to eight full-
time working hours and suits the user profile for a busy
office according to the EU Energy Star database. The
length of the profile accounts for typical working times
in an architectural office with two person occupancy.
Additionally, it is considered that lunch breaks outside
the office are not as common in Greece compared with
other countries.
3.3.2. Use of office equipment
The use of office equipment is strongly related to the
task. For an architectural office investigated in this
study, typical equipment is presented in Table 5. The
intensity of use assumes a busy profile, with most tasks
performed in the office and by using a computer
throughout the day (8 h on, 2 h standby and 14 h off).
All data and the intensity profile are based on a state-
of-the-art level of energy consumption and have been
obtained from the EU Energy Star website (EU Energy
Star database).
3.3.3. Lighting control
Lighting control is assumed to be operated manually,
the most common control strategy with the highest
user acceptance. According to the literature review,
passive users are assumed to keep the lighting on
throughout the working day. Active users are assumed
to switch the lights on and off according to daylight
levels on the work plane based on a 500 lx set point
according to EN 12464 (EN 12464-1:3-2003).
3.3.4. Blind control
As suggested by literature, this study also differentiates
between active and passive occupants. Passive occu-
pants are assumed to keep the blinds closed through-
out the working day, and the shading is completely
covering the window at a slat angle of 108 (no view).
This configuration is also typical for occupants who
close blinds due to privacy reasons. Active occupants
in contrast are assumed to open or close the blinds
according to the occurrence of glare (discomfort glare
index4 22) and/or overheating (room air tempera-
ture4 268C and at the same time solar radiation on
the facade 200 W/m2 (Sutter et al. 2006) with a slat
angle of 458 allowing for limited view.
A limitation of this blind switching criterion is the
fact that the variety of influences on individual glare
Table 4. Room related lighting design variations.
Lighting systems
Design Standard (low initial costs, functional lighting) Optimized (energy efficient, architectural lighting)
Characteristics Surface-mounted luminaires with specular louvers,
installed lighting power ¼ 21.3 W/m2
Pendant luminaires with microprismatic light
redirection, installed lighting power ¼ 13.1 W/m2
Figure 2. Occupancy profile for an architectural office in
Athens.
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perception cannot be modelled by using EnergyPlus.
The Discomfort Glare Index has to be considered as
a first approach based on luminance differences for a
typical view direction of occupants; however, it does
not consider other influential contextual parameters.
3.3.5. Control of natural ventilation
For all variations, natural ventilation is modelled using
the EnergyPlus Airflow Network model. In this model,
the opening through which the air flows is usually
modelled as a vertical opening. For top hung windows,
however, this approach is likely to over-estimate the
effectiveness of temperature-induced air exchange. The
effective opening has therefore been modelled as a
horizontal opening instead as suggested by Coley
(2008). Additionally, the Airflow Network model
does not automatically account for the reduction in
ventilation effectiveness due to a shading system. For
this reason, correction factors for discharge coefficients
(Tsangrassoulis 1997) have been applied.
The related occupant control model applied in this
study has been developed based on the following key
criteria:
. The main window closing criteria in summer in
Athens is outside heat. Thus, it is assumed that
windows are closed when the air conditioning is
activated, and inside and outside temperatures
are considered as the most crucial influence on
the adjustment of the window state.
. Top hung windows, which are the typical open-
ing type in Athens for offices are usually designed
and operated by using several typical opening
angles, rather than continuous opening. For this
study, the window states closed, intermediate
(108) and open (208) are applied.
. Night ventilation is related to company policy,
and two scenarios have been differentiated. For
the worst-case scenario, night ventilation is never
applied, and for the ideal scenario, night
ventilation is applied from June to September.
. Although further research would be needed,
literature indicates that variability in window
control in mixed-mode buildings relates more to
building properties than to individual occupants.
This refers to the length of cooling periods, the
question whether or not cooling is controlled
centrally, the exact type of the cooling system,
decision criteria in shared offices and so on.
These details were beyond the scope of this
parametric study and too little data are available
for a safe definition of specific window control
patterns in relation to building characteristics.
For this study, no window opening model based on a
Mediterranean climate was available. Time-dependent
models based on moderate climates, assuming low
window operating probabilities during the day were
not applicable for this study, because in Athens
window operation in the afternoon is increasing to
protect from external heat. Models considering the
previous window state were also not applicable for the
opening characteristics of a top hung window. For this
study, a simplified approach has been developed based
on the window-opening probability as suggested by
(Rijal et al. 2008a), which is focused on the ratio of
inside and outside temperatures. Although further
verification of the applicability in Mediterranean
climates would be necessary, as a first approach it
suits the predominant influence of temperatures in the
Athens climate better than other models. Additionally,
the probabilistic approach allows for consideration of
more than two window opening states.
Window operation for this study has been modelled
by using the EnergyPlus Energy Management System.
The resulting model (Table 6) should be considered
a first and simplified model for window opening
behaviour in a Mediterranean climate. It is a prototype
to be further developed based on the available
information for mixed-mode buildings and the Athens
context. Further research and verification would be
needed but was beyond the scope of this study.
Table 5. Typical office equipment configuration for an
architectural office.
Office equipment
for and
architectural
office
On
(W/person)
Standby
(W/person)
Off
(W/person)*
Workstation 250 20 10
16 system 17’’
CRT (73 W) or
26 value 22’’
LCD (26 37¼
74 W)
74 2 2
Phone with
answering
machine
2 2 2
Colour laser
multi-function
device
6–12 ppm
15 15 15
Value A4 scanner 11 11 11
Total (using
desktop
computers)
352 50 40/0*
Total
(workstationþ
one LCD
replaced by
notebook)
82 15 13/0*
*Off-mode: connected/disconnected from power supply.
Journal of Building Performance Simulation 311
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 2
2:0
8 0
7 M
ay
 20
12
 
The applicability of this model is limited to top
hung windows with similar characteristics. Addition-
ally, it is focused on environments where company
policy is the predominant influence on the use of night
ventilation. It does not account for occasions when
windows are open despite the cooling running. The
period for night ventilation is typical for the climate of
Athens. Figures 3 and 4 illustrate the window state
versus time, overlayed with the on/off state of the
cooling or heating system over the course of a typical
winter and summer week.
3.3.6. Ideal and worst-case scenario
The literature review indicates a large variability of
individual occupant behaviour, due to a huge variety
of influencing contextual parameters. In this study,
variable occupant behaviour is related to the use of
office equipment, night ventilation, blinds and lights.
For a realistic modelling of these parameters, informa-
tion with different levels of detail is necessary.
Concerning the use of office equipment, the
individual duties and tasks performed in an office of
a particular business or company need to be known in
order to evaluate the resulting internal heat gains from
desktop or notebook computers.
Night ventilation with openable windows can be
an effective strategy to improve thermal comfort, but
whether or not it is likely to be applied in a real
building will depend on security levels within the
company, insurance policies, perceived security at the
specific location and facade design.
In the Greek climate, occupants control blinds
predominantly to protect from glare, but this can be
superposed by individual preferences regarding protec-
tion from heat, need for privacy and provision of
daylighting and view and ergonomics of controls.
Although a rough distinction can bemade between active
and passive occupants, more precise modelling would
require a detailed visual comfort evaluation beyond
the scope of EnergyPlus and this parametric study.
Occupant-controlled light switching can only be
modelled in relation to the use of blinds. Again a rough
distinction between active and passive occupants can
be made. However, a more precise modelling would
require more detailed modelling of blind control, and
detailed information concerning the lighting system,
ergonomics of controls, occupant density, tasks and
individual preferences beyond the scope of this study.
Table 6. Window control strategy for the top hung window.
If heating on Window closed
If cooling on Window closed
If heating off and
cooling off and
occupancy yes
Calculate probability for
window open according to
Rijal et al:
Func¼ (0.1716optemp)þ
(0.1666outside temp)7 6.43
probability¼ exp. (Func)/
[1þ exp (Func)]
If probability 0 and51/3, then
window closed
If probability 1/3 and 52/3,
then window half open
If probability 2/3 and 1, then
window at maximum opening
angle
If heating off and
cooling off and
occupancy no and
company policy does
not allow night
ventilation
(worst case)
Window closed
If heating off and
cooling off and
occupancy no and
company policy
allows for night
ventilation (ideal case)
If month 1–5 or 10–12: window
closed, no night ventilation
If month 6–9: window at
maximum opening angle for
night ventilation
Figure 3. Window state versus on/off state of the heating system over the course of the week in January.
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As indicated above, typical characteristics of
occupant behaviour can only be modelled in relation
to the specific context of the building, the room,
company policy and individual occupants. Addition-
ally, modelling software is based on physically
measurable variables and cannot account for the
contextual variability of personal preferences. For
example, a person in an office on a ground floor in a
narrow urban canyon might have occasional glaring
reflections from an opposite facade instead of direct
sunlight, and generally prefers to close the blinds
towards a busy street for privacy reasons. And another
person, working on an upper floor not facing an urban
canyon might keep the blinds open as long as bearable
due to glare in order to enjoy the view and daylight.
Both strategies are likely to cause different light
switching behaviour as well. In this context, the
definition of a typical control pattern for blinds and
lights would require at least a description of the specific
urban or outside environment. This would be interest-
ing for further research but was beyond the scope of
this parametric study. Therefore, the definition of a
‘typical’ occupant behaviour for this study is limited
to the use as an architectural office with full-time
occupancy. For other occupant-related parameters
especially blind and light control, an ideal and worst-
case scenario seemed more appropriate. Unlike a
typical behaviour valid for a very specific context,
this approach also emphasizes the range of influence
occupants can have on comfort and energy perfor-
mance in offices in comparison with the magnitude
of influence of building design. Concerning the like-
lihood of occurrence, further research would be
needed. A possible categorization could refer to the
location of the room in an urban context, properties of
the room, the shading and lighting system, ergonomics
of controls, company policy, task and individual
preferences.
The ideal and worst-case scenario used in this study
differ between parameters on a company and an
individual level. The ideal scenario represents from
comfort and energy point of view the optimum use,
the worst-case scenario the least optimized use. These
extreme case scenarios have been developed to
demonstrate the influence of occupant behaviour on
comfort and energy performance in offices, for use with
the simulation software EnergyPlus. Details are given
in Table 7.
Table 7. Ideal and worst case scenario for occupant behaviour in offices.
Worst case and ideal scenarios for use of office equipment, ventilation, blinds, and lights
Influenced on Parameter Worst case scenario Ideal scenario
Company level Office equipment With desktop computers (352 W) With notebooks (82 W)
No possibility to disconnect office
equipment from power supply outside
office hours (40 W)
Possibility to disconnect office
equipment from power supply outside
office hours (0 W)
Ventilation No night ventilation possible Night ventilation possible
Level of individual
occupants
Use of blinds Blinds closed all day (passive user) Blinds opened þ closed according to
glare or heat protection (active user)
Slat angle 108 (no view) Slat angle 458 (limited view)
Use of lights Light on during working hours
(passive user)
Light on/off according to daylight
(active user)
Figure 4. Window state versus on/off state of the cooling system over the course of the week in early June.
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4. Cooling strategies
An important influence on energy performance and
comfort in mixed-mode buildings is the cooling
strategy. In this context, Greek building regulation
refers to EN 15251 category III (DIN EN 15251:2007–
08) concerning thermal comfort evaluation. This norm
proposes fixed cooling set points (static comfort
model) for mechanically ventilated buildings and for
naturally ventilated buildings it refers to an adaptive
thermal comfort model, where comfort temperatures
are related to feedback from the outside environment.
For mixed-mode buildings, the same evaluation
criteria as for mechanically ventilated buildings apply.
Field studies however indicate significant differ-
ences between air-conditioned and mixed-mode build-
ings. In the latter, occupant satisfaction concerning the
thermal environment and air quality was observed to
be higher than that in air-conditioned buildings
(Brager and Baker 2009). Additionally, field investiga-
tions among occupants in mixed-mode buildings
showed similarities with preferences in naturally
ventilated buildings (Rijal et al. 2009). Another study
(Ezzeldin et al. 2009) indicated significant energy
savings potential for offices in arid climates, when
cooling set points were adjusted according to the
adaptive thermal comfort model based on ASHRAE
Standard 55 (ASHRAE 2004).
For this study, three different cooling strategies
have been compared, in order to evaluate the influence
on energy consumption in relation to other para-
meters. The common fixed cooling set point for Greek
offices (228C) has been compared with the recom-
mended design value for cooling according to the EN
15251 static model for category III (278C). The third
cooling strategy is the adjustment of set points
according to the upper limits of the EN 15251 adaptive
thermal comfort model. The latter provides potential
for energy savings, however, further field verification
of occupant’s preferences would be necessary. Details
of the investigated cooling strategies are presented in
Table 8.
5. Evaluation criteria
For this study, different building design configurations,
occupant behaviour and cooling strategies have been
combined and the simulation results are evaluated
according to the following criteria.
5.1. Greenhouse gas emissions
Greenhouse gas emissions for each simulated variation
are calculated based on the energy consumption for
heating, cooling, lighting and office equipment. The
corresponding CO2 emissions are calculated based on
primary energy factors for Greece (Hellenic Ministry
of Development 2008).
5.2. Length of heating and cooling period
Although not a measure for comfort itself, the
percentage of working hours with cooling or heating
running indicates the thermal performance of the
building design in combination with occupant beha-
viour. Additionally, observations of higher levels of
dissatisfaction in air conditioned compared to mixed-
mode and naturally ventilated buildings indicate
that occupant satisfaction is likely to be higher when
comfort levels are met without additional help of a
cooling or heating system.
5.3. Daylight autonomy
Apart from the impact on energy, daylight has positive
impact on human well being. It influences not only the
visual system but also the circadian photo-biological
and the perceptual system. In field studies, a correla-
tion between daylight and performance of occupants
(Heschong 2003) has been observed. Additionally, the
presence of sunlight in offices was found to correlate
with job satisfaction and general well-being (Escuyer
and Fontoynont 2001, Farley and Veitch 2001, Galasiu
and Veitch 2006). Artificial lighting, designed to meet
minimum comfort requirements does not take account
of these non-visual effects. Therefore, optimizing
daylighting in buildings can result in health benefits
as well as increased safety and productivity, and it
provides a potential for energy savings. In this study,
daylight provision is measured based on daylight
autonomy, that is, the percentage of working time
when the required illuminance threshold is met by
using daylight alone. A high percentage of daylight
autonomy is therefore a significant contribution to
visual comfort.
Table 8. Different cooling set points used in this study.
Cooling set point Reference
228C Common cooling set point in
Greek office buildings as
observed in field studies
278C Upper limits of comfort category
III, according to EN 15251 for
mechanically ventilated
buildings, static model
According to the EN
15251 adaptive
thermal comfort
model
Upper limits of comfort category
III, required category for Greek
public buildings
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5.4. View
Another main influence on visual comfort and
occupant satisfaction is the provision of view through
the windows. However, the view is influenced by a
large variety of parameters like shading use, window
size and shape as well as the observer’s position
towards the window (Keighley 1973, Galasiu and
Veitch 2006) and view content (Inui 1980, Tuaychar-
oen and Tregenza 2007).
The focus of this study is to investigate the impact
of shading use on view. This refers to the percentage of
working time with full view (blinds open), limited view
(blinds closed, but slat angle allows for a limited view)
or no view (blinds closed, slat angle not permitting
a view). However, this methodology is only a first
approach, since other important parameters like
window size and view content are not considered and
further research will be needed.
6. Results
The simulation results for the different building design
and occupant scenarios are presented in Figure 5. For
each variation, the site energy consumption for
heating, cooling, lighting and office equipment is given.
Additionally, comfort- and sustainability-related para-
meters are presented considering greenhouse gas
(CO2) emissions, daylight autonomy, that is, the
percentage of working time when artificial lighting is
not needed, percentage of working time with full view
(¼deactivated shading) and the percentage of working
time with heating and cooling on.
For the worst-case scenario, daylight autonomy
and view are constantly zero, because blinds are
assumed to be closed throughout the working time.
6.1. Annual energy consumption
Annual energy consumption in this study refers to the
annual site energy consumption for the investigated
configurations, which can be used to evaluate the
related running costs. Generally, a large difference
between the ideal and worst-case scenarios can be
observed. For the worst-case scenarios, annual energy
consumption is up to three times higher than that for
the ideal scenario. With the worst-case scenario, energy
consumption for lighting and cooling increases by up
Figure 5. Overview on simulation results for different combinations of building design and occupant behaviour.
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to factor 2, for office equipment by up to factor 4 and
heating decreases approximately by factor 2. Thus, the
worst-case scenario increases the need for cooling but
at the same time decreases the need for heating due to
the high internal heat loads. The predominant influ-
ence on the magnitude of the annual energy consump-
tion for the worst-case scenarios is office equipment
followed by lighting, whereas cooling is less influential,
and heating is almost negligible for the investigated
configurations.
For the ideal scenarios, the predominant influence
on the annual energy consumption varies with building
design. For the green variation, office equipment and
lighting consume most of the annual energy. For the
low-cost office, lighting is the predominant influence
due to the small window and the less efficient lighting
system. For the prestige office, lighting, cooling, office
equipment and heating have almost equal shares on
the annual energy consumption, only in combination
with the 228C cooling set point, cooling predominates.
However, this is the only case among all investigated
combinations, where cooling is the major influence on
the annual energy consumption.
As expected, for all combinations of building
design and occupant behaviour, cooling energy con-
sumption decreases with higher cooling set points.
Additionally, cooling control according to the upper
limits of the EN 15251 adaptive model causes lower
cooling energy consumption than the investigated fixed
cooling set points.
Highest heating energy consumption can be ob-
served for the prestige office because of a higher heat
transfer coefficient of the facade.
6.2. Annual greenhouse gas emissions
Unlike the annual energy consumption, which refers to
site energy, annual greenhouse gas (CO2) emissions in
this study are based on the primary energy consump-
tion for the different variations in order to evaluate the
environmental impact.
The magnitude of CO2 emissions for the investi-
gated office configurations shows similar characteris-
tics with the site energy consumption. This is caused by
the fact that lighting, cooling and office equipment in
Athens are all using electric energy, so the same
primary energy factor applies. Heating is powered by
natural gas, however, the consumption is low, and so
the total CO2 emissions are not affected significantly.
As can be expected, Figure 5 shows a variability of
CO2 emissions with different cooling set points. When
evaluating the magnitude of this effect, it should be
taken into account that cooling set points are the only
varied parameter within each configuration of building
design and occupant behaviour.
For each building design variation, CO2 emissions
vary from the worst-case to the ideal occupant
behaviour scenario by a factor of 2 to 3. The
magnitude of influence of single parameters like
cooling, lighting, office equipment and heating,
due to the above-mentioned typical primary energy
sources for Athens, can be derived from the evaluation
of site energy consumption.
From an architectural point of view, it is interesting
that the low-cost variation causes highest CO2 emis-
sions due to the small window area and related lighting
energy consumption, and not the prestige variation
with the largest window area.
6.3. Daylight autonomy
Due to the fact that the worst-case scenario assumes
closed blinds throughout the working time, daylight
autonomy is only investigated for the ideal scenarios.
For this scenario, venetian blinds are activated with a
medium slat angle, so the setting allows for daylight
penetration and a limited view. It can be observed that
daylight autonomy varies significantly for the different
office designs. Despite the fact that blinds are closed
approximately 75% of the working time, the prestige
and the green office still reach daylight autonomy of
about 50–60%. This means that for approximately half
of the working hours per year, artificial lighting is not
needed. Due to high solar radiation and exterior
illuminances in the Athens climate, even with blinds
activated at a medium slat angle interior illuminances
of 500 lx and more can be achieved. However, it has to
be considered that on a south-facing facade as
investigated in this study sun angles are usually high,
so a medium slat angle is sufficient to protect from
glare and direct sunlight. For other facade orientations
with a lower sun angle, it might be necessary to close
slats more than just an intermediate position. Addi-
tionally, the likelihood of high illuminance values
inside the office is higher for south-facing facades
due to higher solar radiation and related exterior
illuminances. Therefore, energy savings for artificial
lighting are easiest to achieve on a south-facing facade
compared with other orientations.
6.4. View
In this study, view is evaluated by the percentage of
working time with deactivated shading for the ideal
scenarios. No strong variations between different
building designs can be observed, for all of them
shading is activated for approximately 75% of working
time. This means the view is obstructed for most of the
working time, even though a medium slat angle allows
for visual interaction with the outside environment.
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This leads to the conclusion that although the blind
switching criterion accounts for both glare and over-
heating protection, the glare criterion is more influen-
tial, because temperatures are controlled by the cooling
system. Depending on the cooling set point, the 268C
overheating set point is never exceeded.
The view evaluation criteria used in this study is
focused to demonstrate the influence of occupant blind
control. However, further research would be needed
to develop a view evaluation criterion including other
influential parameters such as window size, shape,
placement and view content.
6.5. Cooling on
It is assumed that occupants in mixed-mode buildings
prefer natural ventilation as long as possible and only
switch on the cooling system when room temperatures
are uncomfortably hot. Although further research
would be needed, the percentage of working time
when cooling is running can therefore be used as an
indicator towards occupant satisfaction. Additionally,
it provides information concerning the building
performance without any additional cooling system.
In this study, two different fixed cooling set points
(228C and 278C) have been compared with cooling
control according to the EN 15251 adaptive thermal
comfort model (upper limits for category III). The
results show a strong variation of the length of the
cooling period depending on cooling set points.
Almost independent from building design and occu-
pant scenario, cooling is running for approximately
50% of the working time per year with a 228C set
point. For the 278C cooling set point, the length of
cooling periods varies between 30% and 40% for
building configurations with the ideal scenario and
40% and 50% for those with the worst-case scenario.
The use of adaptive cooling set points leads to shorter
cooling periods for all variations, but the percentage
of working time with cooling on shows a stronger
variability due to building design and occupant
behaviour. With adaptive set points and ideal occupant
scenario, cooling periods cover less than 10% of the
working time for the green variation, and about 20%
for the low cost and prestige variation. For the worst-
case scenario, cooling periods cover approximately
20% (green), 30% (prestige) and 45% (low cost) of the
working time.
6.6. Heating on
Percentages of working time with heating on are low
for all investigated building configurations. This can be
explained by the higher solar heat gains on the south
compared with other facades. Additionally, this study
assumes insulation levels and an air tightness that
would be typical for a new construction in Athens. For
existing constructions, with lower insulation levels and
air tightness, percentages of working time with heating
on are likely to be longer.
For the worst-case scenario, percentages are below
10% due to high internal heat loads. For the building
configurations with the ideal scenario, variability is
larger, almost zero for the low cost, 10% for the
prestige, and 20% for the green office. This indicates a
significant dependency of heating periods from internal
heat loads and the level of solar protection of the
building. The green office requires longest heating
periods.
6.7. Room temperature characteristics
Figure 6 shows the variability of operative room
temperatures due to different occupant scenarios for
the green, low cost and the prestige building design.
Operative temperatures are the mean value of the mean
air temperature and the mean radiant temperature. In
the six graphs, operative temperatures are plotted
against the running mean outdoor temperature accord-
ing to the EN 15251 adaptive thermal comfort model.
This model is not directly applicable in mixed-mode
context. However, it has been used in Figure 6, because
occupant preferences in mixed-mode buildings tend to
resemble more those in naturally ventilated rather
than air-conditioned buildings (see Section 4). The
comparison with the comfort limits according to the
EN 15251 adaptive thermal comfort model helps to
evaluate the magnitude of variability of room tem-
peratures due to different occupant behaviour and
building design. For all variations in Figure 6, the
cooling set point is 278C. This is the design value
according to EN 15251 category III for cooled
buildings, and recommended for Greek public build-
ings due to national legislation.
When evaluating the graphs, it has to be
considered that the EnergyPlus Ideal loads Air System
used in this study controls air temperature, while the
graph refers to operative temperatures. This explains
slight deviations between room and set point
temperatures.
For the green office with ideal occupant behaviour,
operative temperatures never exceed the upper comfort
levels even when cooling is not running, but lower
comfort limits are exceeded throughout the whole year.
Additionally, it can be observed that the typical 198C
heating set point used in this study leads to operative
temperatures below the lower limits in winter. For the
green office with the worst-case occupant scenario,
operative temperatures almost exactly meet the adap-
tive comfort limits even for category I. However, in
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winter lower limits are exceeded, although not as often
as with the ideal occupant scenario.
Compared with the green office, for the low-cost
office, the distribution of operative temperatures is
more strongly affected by the cooling system. For
running mean outside temperatures above *158C,
operative temperatures are kept below the upper
comfort limits by the cooling system. However, for
running mean outside temperatures around 208C they
occasionally exceed the lower limits, and for low
outside temperatures in winter they frequently exceed
the upper limits. In combination with the worst-case
scenario, the temperature distribution is similar but at
a higher temperature level. Temperatures never exceed
the lower limits, but most of the time when cooling is
not running they exceed the upper comfort limits.
The prestige office shows the largest amplitude of
room temperatures during natural ventilation, and the
smallest difference between the ideal and worst-case
scenario. As for the low-cost office above a running
mean outside temperatures of approximately 208C,
room temperatures are not exceeding the upper comfort
limits due to cooling, but they occasionally exceed the
lower limits. Outside cooling period, operative tem-
peratures frequently exceed both upper and lower
limits. As for the green office, it can be observed that
198C heating set point used in this study leads to
operative temperatures below the lower comfort limits.
Table 9 shows a comparison of average yearly
operative temperatures for the different building
designs and occupant scenarios. The variability due
to building design ranges up to 4 K (green vs. low
cost), which indicates a strong influence of the level of
solar protection and thermal storage. The average
difference between average yearly operative tempera-
tures for the ideal scenario compared with the worst-
case scenarios ranges around 2 K for all building
variations.
Figure 6. Variability of operative room temperatures due to different occupant scenarios for the prestige, low cost and green
building design.
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It can be concluded that building design predefines
the general temperature characteristics in a room, that
is, the daily temperature amplitude and the seasonal
temperature level. The two occupant scenarios in
contrast cause a shift in temperatures of approximately
+2 K, rather than a change in general characteristics.
The 2 K difference between limits of comfort
category I and III according to the EN 15251 adaptive
model seems quite small in comparison with the
variability of room temperatures due to building
design and occupant scenarios. During cooling period,
the validity of this comparison is limited, because
the adaptive model has been designed for naturally
ventilated buildings. During natural ventilation, how-
ever, these observations indicate that in practice it
might not be possible to control temperatures with the
same level of precision as assumed in the EN 15251
adaptive comfort categorization. Further research and
verification would be needed.
7. Conclusions
This parametric study compares the influence of
different building design priorities, occupant behaviour
and cooling strategies on comfort and energy perfor-
mance in offices, for the Mediterranean climate of
Athens, Greece. Aim of this work was to model the
influencing parameters as realistic as possible, and to
obtain results that allow holistic conclusions concern-
ing the interaction of buildings and occupants.
Since the climate data used for simulation are
a crucial parameter, weather data sets considering
climate change scenarios and the urban heat island
effect would have been desirable for this study but were
not available for the location of Athens. The study has
therefore been based on the climate characteristics for a
typical average year within the past decade (2005), and
the results should be evaluated in this context.
Concerning the annual energy consumption in
mixed-mode offices, the major influences as identified
by this study are the choice and use of office
equipment and the lighting system. In comparison
with these parameters, cooling energy consumption
has a smaller share and it decreases with higher
cooling set points. Compared with the investigated
fixed cooling set points up to 278C, cooling energy
consumption is lower when set points are controlled
according to the upper EN 15251 adaptive thermal
comfort limits. Although further field investigation
concerning the related occupant satisfaction would be
necessary, rethinking of current typical cooling set
points could therefore lead to significant energy
savings. In comparison with the other parameters,
heating energy consumption is almost negligible in the
Athens climate.
Annual CO2 emissions in this study show char-
acteristics comparable with the annual energy con-
sumption, since the major consumers, office
equipment, lighting and cooling are all powered by
the same energy source (electricity). The results show
that CO2 emissions can vary up to a factor of 3 due to
different occupant scenarios, predominantly influenced
by the use of office equipment (desktop vs. notebook).
The variability due to building design in contrast is
small but correlating with window area and the
resulting energy consumption for lighting. It should
be considered that these results and corresponding
optimization strategies are strongly related to the
primary energy conversion factors and coefficients of
performance assumed in this study as well as to the
Athens climate. In another context, results may be
quite different and different optimization strategies are
appropriate.
The above-mentioned impact of the design and use
of the lighting system on the annual energy consump-
tion indicates that daylighting may be an efficient
optimization strategy. Even though venetian blinds in
the Athens climate are likely to be activated for about
75% of the working time, it is still possible to achieve
up to 60% daylight autonomy for a 500 lx set point.
This requires a relatively large window area above the
work plane, active switching of blinds and lights and
slats not completely closed, which may cause addi-
tional cooling loads. But as long as the COP of the
cooling system is higher than the luminous efficacy of
the lighting system, it can be more efficient to save
lighting energy rather than cooling energy. This
especially refers to the Athens context, where solar
radiation and illuminance are much higher than in
moderate climates. Additionally, sun angles are higher
as well, so slats do not have to be completely closed to
avoid sun penetration.
Concerning the blind control strategy applied in
this study, it can be concluded, that the glare criterion
is more powerful than the overheating criterion. The
likelihood for overheating is reduced by the cooling
system, and the high solar radiation in Athens
increases the likelihood for glare compared with a
Table 9. Average operative room temperatures per year
for different office designs and occupant scenarios.
Office
design
Average operative
temperature/year (8C)
Difference
(K)Ideal
scenario
Worst
case scenario
Green 22.6 24.5 1.9
Low cost 26.0 28.6 2.6
Prestige 23.7 25.3 1.6
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moderate climate. However, glare evaluation in
EnergyPlus is based on the discomfort glare index for
just one view direction, and thus a rather approximate
criterion. A more differentiated glare evaluation in
EnergyPlus would be desirable to further investigate
the interdependencies of visual and thermal comfort as
well as the resulting energy consumption.
Since naturally ventilated buildings lead to higher
occupant satisfaction compared with air-conditioned
buildings, it can be assumed that the length of the
cooling period can be a measure for the quality of a
building as well. With a 228C set point, cooling periods
in this study cover about 50% of the working time,
and for a 278C set point, they vary around 40%
depending on the occupant scenario. The use of
adaptive cooling set points according to the EN
15251 upper comfort limits leads to shorter cooling
periods, but shows a significantly stronger variability
due to building design and occupant behaviour. In
terms of building design, this especially refers to the
insulation level and the air tightness of the facade, in
terms of occupant behaviour to internal heat loads and
night ventilation. The same parameters are crucial
concerning the length of the heating periods as well.
However, heating plays a minor role according to this
study, where periods never account for more than 20%
of the working time.
Concerning the general distribution of room
temperatures, this study indicates that each building
design investigated in this study has a specific ‘thermal
character’, concerning daily temperature amplitudes as
well as seasonal temperature levels and variability.
This ‘thermal character’ seems to be relatively inde-
pendent from occupant scenarios. However, the two
occupant scenarios caused a general +2 K shift in
room temperatures in this study.
In comparison with this magnitude of variability,
the 2 K difference between the limits of comfort
category I and III according to the EN 15251 adaptive
model seems relatively small. During cooling period,
the validity of this comparison is limited, because the
adaptive model has been designed for naturally
ventilated buildings. For natural ventilated periods,
however, it indicates that it may be difficult to control
room temperatures with the same precision as assumed
for evaluation in the EN 15251. This leads to the
question in how far occupants adapt to a building’s
thermal character, and how this variability can be
accounted for in thermal comfort standards. Further
research would be needed.
It can be concluded that a holistic approach to
comfort and energy performance evaluation focused
on the specific context of a project is necessary to
develop an appropriate optimization strategy. Building
simulation with EnergyPlus can be a useful tool to
consider different contextual parameters. However, in
early design stages, especially information concerning
occupant behaviour is usually not yet available at a
level of detail required for the input in EnergyPlus. The
ideal and worst-case scenario as applied in this study
can in early design stages be helpful to provide some
first information concerning the magnitude of possible
occupant influences.
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